A facile, low-cost and environmentally friendly method was developed to prepare processable graphene materials by direct exfoliation of expandable graphite flakes under wet ball milling conditions in ionic liquids. The graphene nano-sheets obtained in this method were characterized by AFM, Raman spectroscopy, UV-NIR. Thin-film field-effect transistors made from this graphene sheets exhibit ambipolar effect, an average hole mobility of ∼0.29 cm 2 V −1 s −1 , electron mobility of ∼0.57 cm 2 V −1 s −1 was obtained.
INTRODUCTION
Graphene, a two-dimensional monatomic thin sheet with a large lateral dimension sp 2 -hybridized carbon nanostructure 1 has many attractions to offer in terms of superior mechanical, thermal, electrical and optical properties. 2 Graphene is an ideal candidate for use in a wide range of potential applications, such as transistors, sensors, supercapacitors, and hydrogen storage. 3 However, the widespread exploitation of graphene in technological applications will depend, in the first instance, on the availability of efficient and inexpensive methodologies that allow the preparation and manipulation of this material on a large scale.
Ionic liquids (ILs) have been proposed as "green" alternatives to conventional solvents because of their unique properties like negligible vapor pressure, thermal stabilities, wide solubility, low viscosity, and recyclability. 4 5 The high dielectric constant of ILs provides shielding for the stacking interactions caused by van der Waals interaction and helps to disperse carbon nanomaterials effectively. 6 Most importantly, ILs have surface tensions closely matching the surface energy of graphite, which is a key prerequisite of solvents for direct exfoliation of graphite. 7 Such advantages over most solvents make ILs the ideal systems for synthesis of graphene. * Author to whom correspondence should be addressed.
Herein, we report an simple, efficient, low-cost, environmentally friendly approach to fabricate graphene by the direct exfoliation of expandable graphite flakes under wet ball milling conditions into a dispersion of graphene in 1-butyl-3-methyl-imidazolium bis(trifluoromethanesulfonyl)imide ( OFET devices on SiO 2 /Si substrates were fabricated and transistor characterization was performed using a Keithley 2612 under ambient conditions.
EXPERIMENTAL DETAILS

RESULTS AND DISCUSSION
The procedures to prepare the ILs-stabilized graphene sheet (graphene/ Raman scattering is strongly sensitive to the electronic structure and it has proved to be an essential tool to characterize graphene. As shown in Figure 2 , the graphene/ [BMIM][Tf 2 N] structural change during the preparation of graphene by exfoliation of graphite under wet ball milling is reflected in the Raman spectra. The D-band is associated with disorder-induced scattering resulting from imperfections or loss of hexagonal symmetry of disordered graphite. The G-band corresponds to an E 2g mode of graphite and is related to vibration of sp 2 -bonded carbon atoms in a two-dimensional hexagonal lattice. 8 For comparison, we also shown raman spectrum of graphene oxide by chemical exfoliation of graphite based on the early Hummers method. 9 For graphite, the main peak at 1581 cm −1 (G-band) can be observed, which is assigned to the first-order scattering of the E 2g mode. 10 In the Raman spectrum of graphene/[BMIM][Tf 2 N], the D/G intensity ratio is decreased compared to graphene oxide, which indicates that suggests a increase in the average size of the sp 2 domains. A frequency shift (19 cm −1 toward a higher wavenumber and a broadened bandwidth of the G-band Fig. 1 . Schematic illustration of the production of processable graphene by exfoliation of graphite using ionic liquid. The prevention of aggregation is of particular importance for processability and applications of graphene because most of its attractive properties are only associated with individual graphene sheets. Solution-phase UV Vis NIR spectroscopy (Fig. 3) (Fig. 3 inset) and a good linear relationship was obtained with an R value of 0.998. 7 Assuming the applicability of Beer's law, from the slope of the linear least-squares fit we estimated the Figure 4 (a). We measured more than fifty devices at ambient conditions. By applying a gate voltage of up to ± 50 V, source/drain voltage of 1 V, an average hole mobility of ∼ 0.29 cm 2 (Fig. 4(b) ), 13 an average hole mobility of ∼ 0.29 cm 2 V −1 s −1 . Also the transfer characteristics show ambipolar transistors with large hysteresis, which is probably caused by adsorbed water molecules. 14 15 Efforts 
CONCLUSIONS
In conclusion, graphite in ionic liquids was first directly exfoliated into graphene aided by wet ball milling. The good dispersion of well-exfoliated graphene/ [BMIM][Tf 2 N] in NMP was obtained followed by centrifugation. We demonstrate the existence of ionic liquid functionalized graphene by using IR and AFM characterizations According to Raman studies, this simple method prevents high levels of oxidation. The top-gated FETs utilizing graphene/[BMIM][Tf 2 N] was fabricated, and the devices exhibit ambipolar behavior. As a very common industrial technique, the ball milling method can be easily scaled up to mass production, offering a promising opportunity to produce graphene in volumes needed for real-life world applications.
